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© Machine dishwashing detergent tablets. 



© A multilayer detergent tablet containing an outer layer, a barrier layer and an inner layer. The tablet releases 
sequentially ingredients contained in the outer layer and ingredients contained in the inner layer. The time 
interval between the release of the outer layer ingredients and the release of the inner layer ingredients is 
controlled by the particular choice of an ingredient for the barrier layer and the relative thicknesses of the inner 
layer, the barrier layer and the outer layer. The tablet is able to separate in time the dissolution of incompatible 
ingredients such as an enzyme and a chlorine bleach. The tablet also provides sequential release of a 
dishwashing composition and a rinse aid composition such that cleaning is accomplished prior to the release of 
the rinse aid. 



FIG.2 
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FIELD OF THE INVENTION 



invention also relates to methods of dishwashing by the use of the tablets. 



BACKGROUND OF THE INVENTION 
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th. Sam. BbW. to soma casos, ,1 is <to»d M a f f '* K ^™ at 

barrier layer, po.ymers are used * f ^^S*«^ L chosen L cellulose 
The polymers for the barrier layer of the tablet d, ~^ vinvla | COh0 | S 0 f various molecular 

derivatives such as po-ymers 

"a multistage release pharmaceutical tablet having a structure similar to the tablet disclosed by Conte et 
al. is described in Great Britain patent application 1 ,346^609. ^ a 

The structure of the tablet disclosed by the Conte et aL pa^ * ^ b and b the . 609 

structure of a tablet taught by the present invention. In the tablet Consequently , all layers 

srsxr seek ^^rrf f ^ — • — - 

on all sides, and the barrier layer, in turn in fie lds other than medicinal 

Although the table, of ^ « ^^^^c2^ nor disclose problems of 
Sdl s^reC ui:^n™e dishwashing cleaning which include high agitation, 
'SpeXe highly Valine cleaning environment and a sUictJme ^ tM 
, in this regard, it should be noted that while a sequential release is « feature of ^ome m 

and the ?«— -J, l^^^lT'Si ^S^ 0 ^*. environment o, 

distinct, that it is difficult to extend the teach.ngs ,n have been described, for 

5 ln the dishwashing and detergent arts, cleaning compositions ™ patent 3 344076 

example, in U.S. Patent 3.318,817 to Smith, ,n ^"S^^gfiZZ e al U.S. Patent 3,488.420 
to Wilcox, U.S. Patent 3,417.024 to Goldwasser U S. Patent 3.390JO 2 to Keast et a I 

to Keas, et aU U.S. . ^ » gashing 

4,567.031 lo Kruso at al.. Ihe 092, 435, « ™ " " » ^^p-™, si„ c , the labials are 

„ «* « has ba.n disclosed tha, lb. ^^"^^^.^I.^,* and Wediems o. 

o;rrrb=. s^in^n tri^u — «- * . 
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dishwashing machine. Enzyme-containing dishwashing compositions are generally formulated with oxygen 
bleaches, such as perborate, in place of chlorine. However, it has been found that dish cleaning 
performance of oxygen bleaches is far inferior to dish cleaning performance of chlorine bleaches. Other 
examples of incompatible ingredients include surfactants, dyes and perfumes all of which, unless specially 

5 selected, are incompatible with chlorine. 

Elrich, U.S. Patent 4,099,912 and Elrich, U.S. Patent 4,253,842 disclose that components of detergent 
compositions can be separately tableted. It is evident that such separately tableted formulations make it 
necessary for a consumer to purchase a large number of different tablets in order to arrive at a complete 
effective formulation. Additionally, unless various incompatible components are introduced into a dishwash- 

w ing machine as separate tablets at successive time intervals (which would be extremely inconvenient), there 
still exists the problem of deactivation of the incompatible components in an aqueous cleaning environment 
of a dishwashing machine once the tablets have been dissolved. 

U.S. Patent 4,839,078 to Kruse et al. discloses detergent tablets having a uniform composition and a 
broad solubility profile: at least 10% of the tablet is dissolved in only the prerinse cycle by the cold water 

75 flowing in, and at least 65%, preferably at least 70%, by weight of the tablet is available for the main wash 
cycle due to its good solubility in warm water. The tablet of Kruse et al. contains alkaline-reacting 
components such as alkali metal metasilicates and penta-alkali metal triphosphates, active chlorine com- 
pounds and tableting aids. 

Jeschke et al., U.S. Patent 4,828,745, Kruse et al, U.S. Patent 4,828,749 and Kruse et al., U.S. Patent 

20 4,913,832 disclose multilayer dishwashing tablets which are suitable for simultaneous use in the pre-rinse 
cycle and in the main wash cycle of dishwashing machines. The 745 patent discloses a block-form 
detergent which includes two or more differently acting layers fused to each other. The first layer is cold 
water soluble and the second layer is warm water soluble. The '745 patent mentions that the layer formation 
disclosed therein may be used for the separation of incompatible components. The '749 patent discloses a 

25 multilayer detergent tablet similar to the block-form detergent of the 745 patent. The first layer is cold water 
soluble and includes a nonionic surfactant. The second layer is warm water soluble and includes an active 
chlorine compound. The '832 patent discloses a two-layer compact which may contain chlorine and 
nonionic surfactant provided that they are incorporated into different layers. 

A serious shortcoming of the tablets disclosed in the Kruse et al. '078 patent, the Jeschke et al. 745 

30 patent and the Kruse et al. 749 and '832 patents is that during storage incompatible ingredients are still in 
contact with each other in a border area, where two layers meet. An even more important shortcoming of 
the tablets disclosed in these patents is that it is not possible to provide a separate release of incompatible 
ingredients during the same cycle of dishwashing cleaning or during different cycles occurring at the same 
water temperature: both layers of the tablets are exposed to water simultaneously and, unless water 

35 temperature is different, dissolution of both layers occurs at the same time. Thus, if the first layer were to 
include an enzyme and the second layer were to include a chlorine bleach, the enzyme and the chlorine 
bleach would be dissolving at the same time. As a result, the enzyme would be deactivated by the chlorine 
bleach before-the enzyme has had time to perform its cleaning function, 

Fernholz et al., U.S. Patent 4,569,780 and Fernholz et al., U.S. Patent 4,569,781 describe a process for 

40 preparing a solid castdetergent, and a solid cast detergent produced by the process. Fernholz et al. 
disclose that the cast detergent article can be designed or structured to minimize chlorine stability and 
differential solubility problems, e.g. by including the chlorine source and/or the defoamer as preformed 
plugs or cores encased in the cast detergent composition. The cast detergent is surrounded on all but one 
surface by a disposable mold in which it was formed. To minimize reactivity between the base detergent 

45 and any material added as preformed plugs, the core material may be optionally encased in a film which 
would not react with the core material or the detergent base. The film materials disclosed are a natural wax, 
a synthetic wax, a phosphate ester, or the like. Examples 4 and 6 of the Fernholz et al. patents are cast 
detergent articles containing chlorine and/or defoamer plugs and Example 13 describes improved storage 
stability of the cast detergent articles containing the plugs. 

50 Although storage stability of the cast detergents containing incompatible ingredients disclosed by 
Fernholz et al. can be achieved by separating the incompatible ingredients, dissolution of the incompatible 
ingredients is not separated in time. Fernholz et al. disclose that in use water impinges on the exposed 
surface of the plug material and the detergent base; the base detergent and the plug material dissolve at 
substantially the same rate so that a constant ratio of components can be maintained during use. 

55 Thus, in formulating automatic dishwashing detergent tablets, it has been necessary to avoid a co- 
presence of various incompatible ingredients (such as a chlorine bleach and an enzyme) which deactivate 
each other in use. At best, the ingredients have been selected which are more compatible but not as 
efficient with regard to performance or cost as desired. It should be emphasized that merely separating 

3 
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components contained therein are neede or c har re ^^5^ tS amount of spotting and 
rinse aid greatly improves appearance of ^J^'^Se^tSn necessary to introduce the 
filming and improving the shining of dishes and asses ■ "J^j^ which „ inconven ient and 
rinse aid in a dishwashing machine separately om a d, shwashing det £ 
repui res a separate purchase by a — 

associated with the use of the rmse aid and, thus om.t the w ot tne ^ ^ ^ 

machine. . 0 „ rtV , ir ja a Hishwashina detergent tablet which 

co - - see xxsszx =2- - - ises - rinse aid atter 

rr^^oS^^' to provide methods o, dishwashing by the use of the 

, ^Z^^ -» *PP- 38 the deSCriP,i ° n Pr0Ce6dS - 
SUMMARY OF THE INVENTION 

""^^H^e obiects is made possible by this invention which includes a machine 
s dishwashing detergent tablet containing at least: 

a) an inner layer; 

b) a barrier layer surrounding the inner layer; and 

%Z£S£%&"™£^ - number of inner ,ayers each surrounded by its own 

,o barrier layer is within the scope of the ba „ ier layer and the outer layer is such that the 

The total amount of ingredients o a builder, and an amount of an alkaline 

° f - «* - 9reater than about 90 durin9 
45 a di tr a? r^rss^ - - r is enclosed on a " sides by the barrier 

layer and the barrier layer is enclosed on all sides .by the outer layer enwir0 nment of a 

When the tablet of the present invention come >n o contact w, n a J he barrier layer 

dishwashing machine, the only layer of the tablet has dissolved. The 

of the tablet comes into contact with the 7f> u * ^ of the dishwashing 

50 inner layer of the tablet comes into S or disintegrated. 

machine only after both the outer layer and the barrier layer ave * ss0 y e Quter , and the 

ss ssr-r r t^rrcs: ssr. ,1 — - * —* - 

about 1 to about 53 minutes. ar , llttnil « ripanina environment of a dishwashing 
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described herein is water soluble, all layers of the tablet must dissolve, disperse, disintegrate or become 
dissipated in the aqueous cleaning environment of the dishwashing machine, so that no structural elements 
of the tablet remain in the dishwashing machine at the end of the dishwashing session. 

Primarily, the sequential release property and other properties discussed above are attained in the 
5 tablet of the present invention by the particular choice of an ingredient for the barrier layer, the ingredient 
having a suitable disintegration rate at a temperature in the range of about 100°F to about 160" F, in an 
aqueous cleaning environment of a dishwashing machine to provide the desired sequential release in the 
inventive tablet. 

Examples of suitable ingredients for the barrier layer of the inventive tablet include but are not limited to 
w water-soluble polymers, water-swellable polymers, soaps, fatty acids and waxes or mixtures thereof. 

The relative thicknesses of the inner layer, the barrier layer and the outer layer also influence the 
disintegration rate of the tablet. Furthermore, the relative thicknesses of the inner layer, the barrier layer and 
the outer layer must also be such as to accommodate the ingredients of the tablet which are distributed 
between the inner layer, the barrier layer and the outer layer. 
is In one preferred tablet of the present invention (Tablet A, described in greater detail below) the outer 
layer of the tablet includes an enzyme, and the inner layer includes a source of chlorine bleach. The tablet 
provides an improved storage stability by accommodating the enzyme and the chlorine bleach in different 
layers separated by the barrier layer. Moreover, the dissolution of the enzyme and the dissolution of the 
chlorine bleach are separated in time. Thus, the tablet of the present invention releases the enzyme and 
20 affords sufficient time for the enzyme to perform its cleaning function prior to the release of the chlorine 
bleach. 

In another preferred tablet of the present invention (Tablet B, described in greater detail below) the 
outer layer of the tablet contains a dishwashing composition, preferably including either a chlorine bleach or 
an enzyme, and the inner layer of the tablet contains a rinse aid. Thus, the tablet of the invention releases 
25 the dishwashing composition and affords sufficient time for accomplishing dishwashing prior to a release of 
the rinse aid. 

The present invention also provides a method of dishwashing which includes placing a tablet of the 
present invention in a dishwashing machine, preferably in a dispenser of the dishwashing machine. A 
particularly preferred method of dishwashing according to the present invention includes placing the first 
30 tablet of the present invention (preferably Tablet A) in a prewash dispenser of the dishwashing machine and 
placing the second tablet of the present invention (preferably Tablet B) in a main wash dispenser of the 
dishwashing machine. 

The invention also provides a method of treating dishware with detergent and rinse aid by placing in a 
dishwashing machine the tablet of the present invention, the inner layer of the tablet containing a rinse aid 
35 formulation. 

The tablet of the present invention is particularly suitable for dishwashing in domestic dishwashing 
machines but may also be used in institutional dishwashing machines. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

FIG. 1 is a perspective view of a dishwashing detergent tablet according to a preferred embodiment of 
the present invention. 

FIG. 2 is a cross-sectional view from above taken along lines 2 - 2 of FIG. 1 . 

FIG. 3 is a cross-sectional view from the side taken along lines 3 - 3 of FIG. 1. 
45 FIG. 4 is a graph comparing dissolution rates of various compressed polymer compositions at 110° F in 
a beaker. 

FIG. 5 is a graph comparing dissolution rates of various compressed polymer compositions at 140° F in 
a beaker. 

FIG. 6 is a graph comparing dissolution rates of various compressed polymer compositions at 130 w F in 
50 a dishwashing machine. 

FIG. 7 is a bar graph illustrating improved starch soil removal accomplished by a preferred tablet of the 
invention containing an enzyme and a source of chlorine bleach, compared to starch soil removal of a 
commercial granular dishwashing detergent lacking an enzyme and to starch soil removal of a tablet not 
capable of sequential release. 

55 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to FIG. 2 and FIG. 3, the tablet of the present invention includes an outer layer 10, a barrier 
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layer 12 which is surrounded by the outer layer 10, and an inner layer 14 which is surrounded by the barrier 

''^Although any number of layers may be included in the tablet of the present invention, the tablet 
nrpfprahlv contains from 3 to 7, most preferably 3, layers. 
5 ^^uSSVa of the tablet can be any suitable one, such as cylindrical, hexagonal, square, 
cylind ca S truncated faces, triangular, etc. Preferably, the tablets of the invention are of. cyl.dnca <*sc- 
Nke shaoe Preferred cylindrical tablets of this invention have a diameter from about 26 to about 36 mrn^ 
. piracy from about 28 to about 34 mm and a thickness from about 14 to about 24 mm, preferably from 

„ As' tlf ^aPpredaTed, the tablets are particularly useful when placed in a prewash or a main wash 

. SI X r^d— are preferably such that the tablet fits in the prewash andjr the main 
wa h denser of the dishwashing machine. Based on the size of the currently used dishwashing 
' dispensers particularly preferred tablets of the invention have a maximum diameter of about 31mm and a 

" of Wishing tab,ets of the present invention may be distributed in various ways 

between the inner .ayer, the barrier layer and the outer layer. The ingredient of the outer layer may be the 
same as or different from the ingredient of the inner layer. ■ 

?he first essentia, ingredient of the dishwashing tablets according to the present invention ,s a budde r 
20 The term "builder" as used in this description means all materials which tend to remove polyvalent meta 
ions (usually calcium and/or magnesium) from a solution either by ion exchange, or ocnjM^v 

or suspension or precipitation. The tablet of the ^\^ZZ^e icat 
builders such as alkali metal ortho-, pyro and ^polyphosphates and hexametaphosphates partes, 
carbonates zeolites, borates, citrates, oxydisuccinates, carboxymethyloxysuccnates, nitr.lotriacetates, a- 
25 Snr^5^nH*«c«. polymeric polyelectrolytes such as po.yacrylates, P^Tl 
polyacetates, other organic and inorganic builder compounds and mixtures thereof. The tablets of the 
invention may be formulated in substantial absence of any phosphate builders 

In the preferred embodiments of this invention, sodium or potassium ^polyphosphate or sodium o 
potassium Jexametaphosphate are used. Mixtures of these phosphate salts with carbonates and silicates 

30 SSTSKSi, sports the cleansing power o, phosphates and. addit,na,,y, J« ™£ 
As silicates, alkali metal metasilicates and alkali metal silicates w,th a weight ratio of S,0 2 /N a 2 C and/or 
So!S of from 4:1 to 1:1 may be used. Silicates having different degrees of hydrabon such as 
nXl Pe tahydrate or anhydrous silicate may be emp.oyed in the present invent. Preferably, 

35 sTcate is used in a solid form, such as Britesil H 2 0 R and Britesil H24« sold by PQ Corporation. 

The amoun of he builder in the tablet varies from 10 to 99% by weight of the tablet, preferably from 
>>07 to 70% and most preferably from 50 to 85%. The builder may be distributed among the inner layer, 
fhe barrier layer and the outer llyer. Preferably., at least about 50% to about 99% of the builder of the 
tablet most preferably about 60% to about 90%. is included in the outer layer of the tablet. 

«, Fuler Tetbiets of the present invention should be formulated such that they provide in a wash 
liquor during a dishwashing cycle, a P H of a, least about 9.0, preferably a P H in <^ * 

12 5, at a use concentration of about 0.1% solution by weight of the tablet ,n water. The term dishwashmg 
cycle" as used in this description refers to either a prewash cycle, or a prennse cycle or a main wash 
cvc.e The detergent may be as strongly alkaline as is permitted legally. The preferred buktors employed 

« - in t pTsen fnvenln are alkaline, so that it is typically not necessary to use additional alka ne sources ,n 
order to adjust pH. However, if necessary, caustic agents, such as sodium hydroxide, may be additionally 

Pr8S ^e barrier layer of the tablet contains an ingredient or a mixture of ingredients having a suitable 
disintearatorrateTan aqueous c.eaning environment of a dishwashing machine at a water temperature in 
50 E^SToTtam about ?00'f to about IBO'F. to provide the sequential release of the outer and .nner 
- ayerHe to provide the dissolution of the outer layer and the inner layer which are separated ,n me. 
^ta t ve but not limiting examples of suitable ingredients for the barrier layer are ^ wa -soluble 
DOlvmers water-swellable polymers, mixtures of water-soluble polymers, mixtures of water-swellable poly- 
mer soaps fatty acids, waxes and mixtures thereof having a suitable water-solubility or water-swel.ab.lity 
■ 55 Zl^Z se^m release in the tablet of ft. invention. Preferably, at ™ 
layer material employed,- more preferably at least 80%, is solid at room temperature (20-25 C). Solid 
mixtures of liquid and solid materials may be employed. 

?he disintegration rate of the barrier layer determines, in part, the length of a time interval between the 
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dissolution of the outer layer and the dissolution of the inner layer. Ingredients which have a relatively 
slower dissolution rate are employed when a relatively longer time interval is desired between release times 
of two layers (e.g., the outer and the inner layers). Ingredients which have a relatively faster dissolution rate 
are employed when a relatively shorter time interval is desired between release times of two layers. 

The disintegration rate of the ingredient at a particular temperature may be studied by compressing the 
ingredient to form a tablet and, subsequently, conducting a tablet disintegration test in a beaker and/or in a 
dishwashing machine. The disintegration test for determining disintegration rates of various ingredients may 
be used as a pre-screening test in choosing suitable ingredients. The test is described in more detail in 
Example 1 . 

When the ingredient of the barrier layer is a polymer, the polymer is preferably selected from the group 
consisting of a maleic acid/acrylic acid copolymer, a salt of maleic acid/acrylic acid copolymer, ethylene 
maleic anhydride cross-linked copolymer, polyethylene glycol, polyvinyl pyrrolidone, acrylic acid polymer, a 
salt of acrylic acid polymer, carboxymethylcellulose, polyvinylalcohol, cellulose ether and mixtures thereof. 

Preferred polymers for use in the present invention are as follows: 



Polymer 


Trademark 


Supplier 


Maleic acid/Acrylic acid copolymer, sodium salt (MW = 70,000) 
Ethylene Maleic Anhydride cross-linked copolymer (MW = 1 ,000,000) 
Polyethylene Glycol Carbide (MW= 7,000-9,000) 
Sodium Carboxymethyl Cellulose (MW= 250,000) 
Polyvinyl Pyrrolidone (MW = 700,000) Acrylic acid polymer 
resin (MW = 4,000,000) 


Sokalan CPS 
EMA-61 
PEG 8000 
CMC 7M 
PVP K-90 
Carbopol 940 


BASF 

Monsanto 

Union 

Hercules 

GAF 

B.F. Goodrich 



Among soaps, fatty acids and waxes particularly suitable for the barrier layer are calcium salts of long 
chain, i.e. Cis and higher, fatty acids; long chain (C 18 and higher) fatty acids and high melting point 
(melting point in the range from 105-150 'F, preferably 125-1 42 *F, and at any rte not higher than 150°F) 
waxes. 

The barrier layer which provides the sequential release may be coated with fatty acids, waxes or soaps 
in order to increase the storage stability of the tablet, especially when the tablet contains a source of 
chlorine bleach. A relatively thin coating of fatty acids, waxes or soaps is not considered a separate layer 
herein. Another particularly preferred optional ingredient included in the barrier layer is a plasticizer. The 
plasticizer may be selected from the group consisting of glycols (glycerol, propylene glycol, hexylene 
glycol, ethylene glycol), sorbitol, glycerin, and mixtures thereof. The amount of the plasticizer is from 0.01 
to 10%, preferably from 0.1 to 5%. 

The particular choice of the ingredient for the barrier layer is determined by the disintegration rate of 
the ingredient at a temperature in the range of from 100° F to about 160°F in an aqueous cleaning 
environment of a dishwashing machine and the time interval necessary to achieve the desired separation in 
release times of the layers separated by the barrier layer. The length of the time interval between the 
release of the outer layer and the release of the inner layer depends on the particular embodiment of the 
present invention. In the preferred embodiments of the present invention the desired time intervals between 
re | ease times of the inner and outer layers are primarily determined by a time program of a dishwashing 
machine. 

A dishwashing session of a typical domestic dishwashing machine (such as Kenmore®, General 
Electric® or Kitchen Aid®) generally consists of at least prewash, prerinse, main wash and rinse cycles. 

As defined herein, the dishwashing session does not include the drying cycle. The average lengths of 
the prewash, prerinse, main wash and rinse cycles are on the average from 6 to 14 minutes, from 5 to 9 
minutes, from 11 to 15 minutes and from 6 to 17 minutes, respectively. 

The lengths of of the prewash, the prerinse, main wash and rinse cycles for two typical domestic 
dishwashing machines are as follows: 
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Kitchen Aid 
Prewash 

Prerinse 9 *° 

13.5 



i a ® Kenmore ® 



7.5 
6.25 
13.0 



w 



Wash 

6 o 14.75 
Rinse 6 '° 



42.0 41 - 5 



15 



20 



25 



30 



35 



40 



* h^tn 10 minutes lonqer if an extra prewash cycle is employed as is 
The dishwashing session may be 5 to 10 minutes longer . £ be shorter b 

sometimes desirable for heavily soiled dishware cleaning. The d.shwash.ng session may 
5 to 10 minutes when the dishware load is lightly soiled times 
According to the first aspect of the 0 f the barrier layer is 

of the layers, e.g. the outer layer and the inner temperature of from 

liquor temperature is from about 130' F to about 150 F. preferred ingredient 

the present invention. . H(iQ j r(a ri interval between release 

According to the second aspect of the present munfto n £nth. *** , fcrva, b 

times of the layers, e.g. the outer layer and the inner layer, is ^1 e at'^ wa ?£uor temperature of 

wash liquor temperature is from about 130 " F to about 150 R anhyd ride crosslinked 

A mixture of the polyacrylic acid/maleic acid copolyme and *W™ ™ e y of the 

polymer is a preferred ingredient employed "j^^J^^^^.^ 
present invention. The mixture of the polyacryl.c ac f^^^^L copolyme r to ethylene maleic 
Lslinked polymer .herein the j^jjo - ^o-TttJi^i being most preferred, 
anhydride crosslinked polymer ,s from about 2.1 to abou UU , me g ^ 
is the particularly preferred polymer choice the outer layer and 

The release time intervals also depend on the relative thckne s s oT the nne y , ^ 

the barrier layer. The thicknesses also depend on be ad u S e d by controlling 

on the dimensions of the current dishwasher dispensers. The *«Jcr»*« ™V 

, the amounts of the ingredients and the ^^^J^L* -en.ion *• thickness of the 
Thus, in the preferred tablet according to the ^ first ^aspect a to p js from 

inner layer is about 3 to about 6 mm, the total t he ness of the n er lay* a d ^ 
about 6 to about 9 mm, and the total thickness of the inner aye he ^ bar ™ 'ayer 
about 9 to about 13 mm. In the preferred f"«^^^^ti£Cer is in the range of 

r T n r P « tabTaccording to the second aspect of the present invention the thickness of the inner 
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layer is about 9 to about 12 mm, the total thickness of the inner layer and the barrier layer is from about 12 
to about 16 mm, and the total thickness of the inner layer, the barrier layer and the outer layer is about 17 
to about 21 mm. In the preferred tablet according to the second aspect the diameter of the inner layer is in 
the range from 14 to 17mm, the total diameter of the inner layer and the barrier layer is in the range of from 
5 17 to 21 mm, and the total diameter of the inner layer, the barrier layer and the outer layer is in the range of 
from 28 to 34 mm. 

Total length of a dishwashing session (excluding the drying cycle) of domestic dishwashing machines 
generally ranges from about 30 minutes to 55 minutes. Thus, the preferred tablets of the present invention 
disintegrate within 30 to 55 minutes, preferably within 40 to 50 minutes. Although the tablet must 
to disintegrate by the end of the dishwashing session or prior to the drying cycle, the tablet may disintegrate 
earlier. 

The tablet according to the present invention preferably includes at least one ingredient selected from 
the group consisting of a detergent-active compound, a source of a chlorine bleach, an enzyme, a source of 
an oxygen bleach and mixtures of these ingredients. Furthermore, according to the present invention, the 

75 tablet which is formulated to contain a rinse aid in the inner layer necessarily includes a nonionic surfactant 
in the inner layer, the nonionic surfactant functioning as the rinse aid. 

A detergent-active compound employed in the tablets of the present invention may be any detergent 
active compound, such as soaps, synthetic anionic, nonionic, amphoteric detergent surfactants and mixtures 
thereof. Preferably, a nonionic detergent surfactant is used, especially a low-foaming one. The nonionic 

20 surfactant description that follows is applicable to all tablets of the invention, including the tablets that 
contain the rinse aid. 

The nonionic surfactant component results in a preparation which has little or no tendency to foam by 
itself or in the presence of a foam-producing food soil. Suitable examples of such nonionic detergent 
surfactants can easily be found in M. Schick "Nonionic Surfactants" (1967). 
25 Nonionic surfactants include those detergent compounds which contain an organic hydrophobic group 
and a hydrophilic group which is a reaction product of a solubilizing group such as carboxylate, hydroxyl, 
amido or amino with ethylene oxide or propylene oxide or with a polyhydration product thereof such as 
polyethylene glycol. 

Nonionic synthetic detergents can be broadly defined as compounds produced by the condensation of 
30 alkylene oxide groups with an organic hydrophobic compound which may be aliphatic or alkyl aromatic in 
nature. The length of the hydrophilic or polyoxyalkylene radical which is condensed with any particular 
hydrophobic group can be readily adjusted to yield a water-soluble compound having the desired degree of 
balance between hydrophilic and hydrophobic elements. Illustrative but not limiting examples of the various 
chemical types suitable as nonionic surfactants include: 
35 (a) polyoxyethylene and/or polyoxypropylene condensates of aliphatic carboxylic acids, whether linear- or 
branched-chain and unsaturated or saturated, containing from about 8 to about 18 carbon atoms in the 
aliphatic chain and incorporating from 5 to about 50 ethylene oxide or propylene oxide units. Suitable 
carboxylic acids include "coconut" fatty acids (derived from coconut oil) which contain an average of 
about 12 carbon atoms, "tallow" fatty acids (derived from tallow-class fats) which contain a myristic acid, 
40 stearic acid and lauric acid. 

(b) polyoxyethylene and/or polyoxypropylene condensates of aliphatic alcohols, whether linear- or 
branched-chain and unsaturated or saturated, containing from about 6 to about 24 carbon atoms and 
incorporating from about 5 to about 50 ethylene oxide or propylene oxide units. Suitable alcohols include 
the "coconut" fatty alcohol, "tallow" fatty alcohol, lauryl alcohol, myristyl alcohol and oleyl alcohol. 
45 Particularly preferred nonionic surfactant compounds in this category are the "Neodol" type products, a 
registered trademark of the Shell Chemical Company. 

Included within this category are nonionic surfactants having the formula: 



50 



RO~(CH 2 CHO) x (CH 2 CH 2 O) y (CH 2 CH0) z ~H 



R' R" 

55 



wherein R is a linear, alkyl hydrocarbon having an average of 6 to 10 carbon atoms, FV and R" are each 
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methyl, x averages 3, y averages » 
formula: 



C 8-10°( CH 2 CH 2 O ^7.8l( CH 2 CHO) 14.45 H 



CH. 



component has between 12 and 24 carbon a f ms J n ° p Man lri p a imitate, sorbitan mon- 

sorbitan monolaurate, sorbitan " and sorbitan trioleate. The 

ostearate. sorbitan monoisostearate, ^ , £^Srt M ene oxide units, preferably about 20. 
P o,yoxyethylene chains may ^^^JSJelw™ dependent upon whether they are 

The sorbitan ester derivatives contain 1, 2 or 6 poiyoxyemy.e 

ZX^^^ biock polymers havin9 the ,ormu,a: 

HO(CH 2 CH 2 0) a (CH(CH 3 )CH 2 ) b (CH 2 CH 2 ) C H 

«n-r«nn the resoective polyethylene oxide and polypropylene oxide 
W herein a, b and c are integers "^^J**^^ J* po l y mer constitutes at least about 
blocks of said polymer. The polyoxyethylene component °f the b^c py ^ ^ 

40o/o of the block polymer. The ^J^^^^^Sm are well known in the art. 
10.000, more preferably from about 3,000 to about CflOO. These mate ^ 

They are available, for example, under the "r™" 1 such as dodecyl hydrogen 

Examples o, other suitable surfactants .nc ude '^^^J^ an d mixtures thereof, 
phosphate, methyl naptha.ene sulfonate sodium 2-aceta mido exadecane ^ 

'preferred anionics include ^^J^S^Zm** di C °- alky ' dipheny ' °** 
iTT-^S^ — ^ - SUrf3CtantS ,r ° m ^ 0< " 

particular, preferred for the ^Jj^^^ having a meiting point above 20- a 
the tablet as the rinse aid. A solid surfactant is oe ^ to be emp|oyed 1S 

Preferred solid surfactants have a melt.ng point higher than 25 u . p g number Qf 

a solid surfactant, the surfactant is preferably prepared h. "P"J*^£ of macera tor or mixer with 
ways. Thus, the surfactant may be cu into small P ^^^J^ v ^^ waaM 
cutting blades. Alternatively, a surfactant me,, can J^JCnL* subsequently being compressed 
in particulate form may then be mixed with other ng red.ents, the can a|so include 

to form a layer of the tablet. Solid surfactants * th.n mean n g of the p ^ 
a mixture of surfactant and surfactant-li he ^ — q s ohd ^ Qf ^ 

mixtures of solid and liquid surfactants can, ^"^JJJi^ ethers sold under the trade 
surfactants particular, useful in the presen ^^^S^ ethoxylated straight chain 
names Brij® (35, 35SP, 56, 58, 76. 78. 98. 99 by iu corporation, dialkyl phenox- 

alcohols sold under the trademark Plurof ac® J,^^ polye ,hoxylated alcohol sold under 

r::r:r^^ - «~ *- so,d under 

the trademark PEG E-series by Dow Chemical Company. 
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When surfactants are liquid in character, such may be sprayed onto particles making up the solid 
composition to be compressed. Useful builder salts, for example sodium carbonate, can be effective 
carriers. In the rinse aid-containing tablets of the invention wherein the inner layer includes the nonionic 
surfactant as the rinse aid, solid acids, such as citric acid, can also be used as the carrier for the liquid 
5 nonionic surfactant. 

The amount of the detergent active compound should be such that detergency and wetting are 
improved and excessive foaming, due to certain proteinaceous soils, is reduced or suppressed. In general, 
the amount is between 0.05% and 15% by weight, in particular, between 0.5 and 10%, and most preferably 
from 1% to 5% by weight of the tablet. The detergent active compound may be distributed between the 
w outer layer and the inner layer. 

The outer layer of the tablet preferably includes from 10% to 99% of the builder and from 0.5% to 10% 
of the nonionic surfactant. 

When the nonionic surfactant is employed as the rinse aid, the inner layer of the tablet contains the 
nonionic surfactant in an amount from about 1% to about 100%, preferably from about 5% to about 40% 

rs and most preferably in an amount from about 10% to about 30% by weight of the inner layer. The inner 
layer of the tablet formulated to contain the rinse aid may optionally include an organic acid, particularly 
hydroxycarboxylic acid such as citric acid, lactic acid, malic acid and the like. The amount of the organic 
acid is typically in the range of from 1% to 99%, preferably from 60% to 95%, and most preferably from 
70% to 90% by weight of the inner layer. The ratio of the nonionic surfactant rinse aid to the organic acid is 

20 preferably from about 2:1 to about 1:8, more preferably from about 1:2 to about 1:6. 

The tablets of the invention preferably include a source of halogen bleach, particularly chlorine bleach. 
The source of chlorine bleach is typically employed in an amount corresponding to 0.1% to 20%, preferably 
0.5% to 10% by weight of available chlorine. Chlorine bleach greatly improves cleaning performance of the 
dishwashing detergents, in particular their ability to remove stains left by tea, coffee or fruit juices from the 

25 surface of the dishes. Additionally, active chlorine is an excellent santtizer and germicide. 

Among sources of the chlorine bleach are organic and/or inorganic compounds capable of having their 
chlorine liberated in the form of active chlorine on dissolution in water. Typical examples are alkali metal 
hypochlorites, chlorinated trisodium phosphate, chlorinated sulphonamides, halogenated hydantoins, polych- 
lorocyanurates (usually alkali metal, e.g. sodium or potassium, salts), and mixtures thereof. Suitable 

30 chlorine-releasing agents are also disclosed in the ACS monograph entitled "Chlorine -- Its Manufacture, 
Properties and Uses" by Sconce, published by Reinhold in 1962. This book is incorporated by reference. 

The source of chlorine bleach may be included in the outer layer or in the inner layer of the tablets of 
the present invention. When the tablet includes an enzyme and the source of chlorine bleach, the enzyme 
and the source of chlorine bleach are contained in different layers. Preferably, the chlorine bleach is 

35 contained in a layer which is released after a release of a layer containing the enzyme. Thus, if the enzyme 
is included in the outer layer, the source of chlorine bleach is contained in the inner layer. In this manner 
sufficient time is allowed for the enzyme to perform its cleaning function prior the release of the chlorine 
bleach source. 

Although the chlorine bleach is preferred, a source of oxygen bleach may also be included in the 
40 tablets of the invention. Among the oxygen-releasing bleaches, particularly preferred in the present 
invention is a peroxygen salt such as sodium perborate tetrahydrate or monohydrate, percarbonate, 
persilicate, persulfate, dipersulfate and the like. Other peroxygen compounds include perphosphates, 
peroxide and perpolyphosphates. It may also be advantageous to combine such a persalt with a bleach 
activator therefor. 

45 The activators for peroxygen salts are organic compounds which react with the peroxygen salt in 
solution to form an organic peroxygen acid as the effective bleaching agent. Numerous examples of such 
activators are known. Preferred activators for use in the present invention are tetraacetylethylenediamine, 
tetraacetylglycoluril, glucosepentaacetate, xylose tetraacetate, sodium benzoyloxybenzene sulfonate and 
choline sulfophenyl carbonate, 
so Organic peroxides such as urea peroxide, diperoxydodecanoic acid or lauroyl peroxides may be used. 

The oxygen bleach is employed in the tablets of the present invention in an amount corresponding to 
from about 0.05% to about 10%, preferably from about 0.1% to about 5%, most preferably from about 0.5% 
to about 3% of available oxygen. 

Where also the activator for the bleach is included, the ratio between the peroxygen salt and the 
55 activator lies in the range of from 8:1 to 1:3, preferably 4:1 to 1:2, and most preferably is 2:1. 

Another particularly preferred ingredient of the tablets disclosed herein is an enzyme. The enzymes 
may be of the amylolytic, proteolytic and lipolytic type or mixtures thereof. The amylolytic enzymes for use 
in the present invention can be those derived from bacteria or fungi. Preferred amylolytic enzymes are 
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k, 4 one QOQ rnitiuatpd from the strains of Bacillus 
those described in British Patent Spec* f ^ ^ 1 «i B*cul aed ^ ATC ^ 

licheniformis NCIB 8061, NCIB 8059, ATCC 6334, "^^^^ZtM6 under the trade name, 
Ocularly preferred enzyme is an amylolybc ^^^JT J^mes are generally sold as 
Termamyl, by Novo Industri A/S, Copenhagen, Denmarc. i new * ' [ ' 

The amylolytic enzyme is 

granules and may have activities ^ » 10 ^ ^ ^ tQ , 5 . /o by weight 

normally included in an amount of from 0 05 h to 5 Jo I b weignt. p Qf suitable 

The composition may, and preferably does, also contain a J Qf B subtilis and B . 
proteolytic enzymes are the subtilisins which are Gist- 
Hcheniformis, such as those commercially available u der the trad e name Denmark 
B^^ideTNV, Delft, Netherlands, and Alcalase, ^*J^J°^ T^ng , maximal activity 
Particularly preferred are the ^ «^J^£g^ of and 

SSIKS 2?0, X 2ST» * -gh, in particular o, from 0, to 3% 

by we '9 ht - i . , A . .„ rtrH or tn imnrove removal of fatty soils from dishes. The 

Jg^ttZZZ*^ r = 0.5% to about 10%, Preferably from 1% 

, t0 ^he total content of the enzyme in the tablets of the present invention is from about 0.05 to about 10,0, 
\ prefix ?om°about 0, to about 5%, ^^^^ ™ ^(Tablet A) contains the 
A particularly preferred tablet according to the fl ta Al a ^ Bqu0 , temperature 
enzyme in the outer layer and the source ^of chlorine J^^Sim, «» outer layer of the tab.et 
in the range of from about 100" F to about 160 F in the dish g ferab ^ 2 tQ 3 

5 dissolves within the first 0.5 to 5 mmutes, preferably^ « thin 1 to 5 m nu ^ 1 fa 4 

minutes. The barrier layer disintegrates within he next 0.5 o 15 mmu jp e y ^ ^ 

minutes, most preferably within the next 2 to » ^^^^'JXino action on dishware in the 
preferably the first 4 to 6 minutes, the enzyme is allowed to perform it c g ^ g tQ 4 

absence of the chlorine bleach. The chlorine bleach of t0 clean the dish ware, in 

30 minutes of the prewash cycle, allowing sufficient tim^ Htor he cMonn ^ac ^ q{ ^ 

particular, to remove stains prior o the en of J lmate[c acid copolymer and 

invention, the barrier layer of Tablet A is the mixture or p y y tQ , , hy|ene 

polyethylene glycol wherein the weight rabo of pc yac y he > J ed Tablet A may be 

glycol is from about 1:3 to about 3:1, the weight rat o of ^JTcoTSTSiS of the prewash cycle) at a 
3S formulated such that the table, disintegrates with, e £ J^£^ cleaning environment o, a 
water temperature in the range of from 100 ^ 

dishwashing machine. rhinrine bleach in an amount corresponding to 

Tablet A of the present invention contams the source o chtonne f bleach ^ ^ fe 

from 0.1% to 20% of available chlorine, preferably 0.5% to 10 /» of avaiiaoie 
40 10% of the enzyme, preferably from 0.1 to 5%. inventjon (Tablet B ) 

45 minutes. . , thp harr ; er | aV er of Tablet B depends on the 

The desired length of time for the ?' 8 ' n ^^ 
particular dishwashing machine used, the 'eng h o the d ' s « machin e at the 

Tablet B in the dishwashing machine. Thus, if Tablet B is introducea 
beginning of the dishwashing session: 



50 



55 
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Dishwashing Session Length (minutes) 

Kenmore ® Kitchen Aid ® 

Heavy Load Normal Wash Heavy Load Normal Wash 
5 49 41.5 52.5 43.5 

Barrier layer 
disintegration 
time length 

range (minutes) 30.5-46 23-38.5 36-48.5 27-39.5 

w Barrier layer 
disintegration 
time length 
preferred time 

(minutes) 39 31.5 45.5 36.5 



75 



If, however, Tablet B is introduced at the beginning of the 
main wash cycle, as is preferred, Jjhe barrier layer disintegrates 
within 8 to 23.5 minutes (Kenmore , preferably 16.5 minutes 



20 within 8 to 23.5 minutes (Kenmore®), preferably 16.5 minutes (Kenmore®); and within 1.5 to 14 minutes 

(Kitchen Aid®), preferably 11 minutes (Kitchen Aid®). 

Therefore, during the first 6.5 to 49 minutes, most preferably during the first 6.5 to 24 minutes, the 

dishwashing detergent is allowed to perform its function, i.e. to clean the dishware. The rinse aid of the 

inner layer is released within the final 2 to 12 minutes, allowing sufficient time for the rinse aid to perform its 
25 function, in particular to minimize spotting and filming, prior to the end of the rinse cycle. Tablet B may be 

formulated such that the tablet disintegrates within 17 to 55 minutes (or by the end of the dishwashing 

session) at a water temperature in the range of from 100° F to 160° F in an aqueous cleaning environment 

of a dishwashing machine. 

In a preferred embodiment of the present invention, the barrier layer of Tablet B is the mixture of 
30 polyacrylic acid/maleic acid copolymer and ethylene maleic anhydride crosslinked polymer wherein the 

weight ratio of polyacrylic acid/maleic acid copolymer to ethylene maleic anhydride crosslinked polymer is 

from about 2:1 to about 10:1, the weight ratio of 6:1 being most preferred. 

The outer layer of Tablet B preferably includes either the enzyme and the builder or the source of 

chlorine bleach and the builder. The amounts of the enzyme, the alkaline builder, and the chlorine bleach in 
35 Tablet B are as described above. The nonionic rinse aid surfactant and other optional ingredients for the 

rinse aid of Tablet B have been discussed above. 

The tablet according to the present invention may be formulated to combine the features of Tablet A 

and Tablet B. Such tablet releases sequentially the enzyme, the chlorine bleach and the rinse aid at the 

desired time intervals. 

40 The tablets of the invention may, furthermore, contain other useful additives such as enzyme-stabilizing 
agents, reducing bleaching agents such as sodium sulphite, hydrotropes, fillers, perfumes, coloring agents, 
germicides, clays such as hectorites, up to 3% of anti-corrosion agents such as fatty acids, benztriazole and 
so on. Clays assist in reduction of spot formation on glassware and may be present at from 0.1 to 5%. 
Some surfactants tend to over-sud and the tablets of this invention, therefore, may include suds 

45 suppressing agents, typically used in an amount of from 0.001% to about 6%, preferably 0.05% to 3%. 
Preferred suds suppressing agents are silicone materials, particularly the polydimethylsiloxanes having the 
molecular weight within the range of from 200 to 200,000 and higher. Suitable polydimethylsiloxanes are 
commercially available from Dow Corning Corporation. Other useful suds suppressing agents include alkyl 
phosphate esters such as monostearyl phosphate and microcrystalline waxes. 

50 The tablet may be provided with an outer coating. The coating enhances the external appearance and 
feel of the tablet and, additionally, minimizes the possibility of tablet abrasion, and reduces the risk that a 
person handling the tablet comes into direct contact with the relatively alkaline surface of the tablet. A wide 
range of water-soluble coatings is possible, the preferred materials including silicate solution, fatty acids, 
such as tallow fatty acids; fatty alcohols; and polyethylene glycols. Other useful coating materials include 

55 cellulose acetate phthalate, poly aery lates, and mixtures thereof. A wide range of organic film-forming 
polymers can also be used. Examples of organic film-forming polymers include polyvinyl alcohols and 
gelatin. The coating can be applied using any of the well-known procedures for tablet coating. These 
include. spraying-on, dipping, passing through a falling curtain of coating material, etc. If desired, coloring 



13 



EP 0 481 547 A1 



10 



or mixtures of these components. However, tenders and d,s Integra ing agents a ^ ^ ^ 

r ssj: zs = ™=. — ^ - « - - ~ 

is reached. . . ,„.„„,, : nfft anv Dar t of the dishwashing machine, but is 

The tablet of the present invention may be .ntroduced any pa" ;*x ^ ^ 

, preferably placed in the dispenser. The invention provides a ^ method 0 trea -ng d, ^ 
Le aid by introducing in the dishwashing ma c ^.^^S d»c*i her*, 
containing tablet of the present invention, the ^^^^ includes introducing two tablets 
A preferred method of dishwashing according & and the 

ot the invention into the dishwashing machine: the ^^^2^ S *b£t placed in the prewash 

5 z^^^*^^'^ id the tab,et p,aced in the main wash 

dispenser is the tablet according to the second aspect of the h dispe nser and 

P A particu,ar.y preferred method of the chlorine bleach 

Tablet B in the main wash dispenser. Tablet A dehve» ; the en y ^ ^ ( ^ y ^ ^ 

l0 to the wash liquor in the dishwashing ingredients and, 

start of the main wash cycle, and f^rs the bu de and o e p ^ ^ 

ZZ^^^ :T ^ - — inven,ion are c,eaner than 

Press (35 ton) purchased from SPEX Indust ries, " nc ^ ines such as Bicotta a nd 

purchased from SPEX Industries and ^^J^^^J^ J, used. The preferred method of 
Drycotta compression machines made by ™™"*J^ S S^X machine, as follows: 
makino tablets involves successive compressing steps by using me , arc* 



the first die; ... 
< s ,.) placing » compress in™ '»»«' " n ^°™ '"',„ me s ,„, d » „d compressing »» «o«l 



layer; 

50 



second die; 



55 



and the intermediate tablet to obtain the tablet ss describe d 

preferred pressure values are as follows: 
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Pressure (kg/cm 2 ) 


Tablet A 


Tablet B 


inner layer 
barrier layer 
outer layer 


2,300-18,000 
3,425-10,300 
600-1 ,800 


900-7,000 
1 ,600-4,800 
600-1 ,800 



For making Tablet- A pellet dies having diameters of 10mm, 13mm and 31mm are preferably used. For 
w making Tablet B pellet dies having diameters of 16mm, 19mm and 31 mm are preferably used. 

In order to form the tablet, preferably at least 50% of the ingredients, most preferably at least 80% are 
solid. 

To improve the mechanical strength and increase the disintegration rate solid materials included in the 

tablet of the present invention are preferably in a granular form, the size of granules being in the range from 
75 about 300 microns to about 2,000 microns, preferably from about 1,000 to about 1,500 microns. Although it 

is not necessary that all ingredients of the tablet are in the granular form, preferably at least major 

ingredients of the tablet such as phosphate, silicate, the polymer of the barrier layer, the solid nonionic 

surfactant, the enzyme and the chlorine bleach source are in the granular form. 

Liquid materials may be either blended with the granules or sprayed on the granules. 
20 Some difficulties may be encountered with regard to release of tablets from the dies. These can be 

overcome by covering the die with release or lubricating agents such as calcium stearate, talcum powder, 

siliconized talcum, stearic acid, paraffins and mixtures thereof. 

Tablets weighing from 5 grams to 50 grams are preferred. Larger tablets are generally more prone to 

break and, in addition, can only be formed at relatively low speeds, thus reducing output. With smaller 
25 tablets, the advantage over granulated or powder-form detergents in terms of handling would be reduced. 

As described above, the size of the tablets is also controlled by the size of the dishwashing machine 

dispenser in accordance with the preferred method of use of the dishwashing tablets according to the 

present invention. 

The following examples illustrate the dishwashing tablets of the present invention and methods of use of 
30 the tablets. 

EXAMPLE 1 

Disintegration Rate of Polymers 

35 

The disintegration rate of various polymers and polymer mixtures was tested. Polymers that were tested 
are listed in Table 1 . 



40 TABLE 1 

POLYMER COMPOSITIONS 

Composition A B C D _JL F 

45 Sokalan CP- 5 

Polyacrylic acid-maleic 

Acid copolymer 100 50 - - 75 85.7 

PEG 8000 

so Polyethylene glycol - 50 100 - 

EMA-61 

Ethylene maleic anhydride 

cross-linked polymer - - 100 25 14.3 

55 



I. Disintegration of a Polymer Tablet in a Beaker 
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70 



75 



20 



25 



A Each polymer composition listed in Table 1 was mixed with 7.0% by weight ol 'f"**^^ 
(Add YeZ # 17) and the resulting mixture was tab.eted under a pressure o to form 

The water was stirred at a moderate ^uu ^ou r^m/, Rrinkman PC800 

water simultaneously with the starting of a timer. - n 25 0 50 0 75 1 00, 1 .33, 1 .67, 

upon total disintegration of the tablet, whichever occurred first. ^ 

minutes at 140* F. 

II Disintegration of a Polymer Tablet in a Dishwashing Machine 



30 first 



35 



40 



45 



50 



55 



The results that were obtained are illustrated by FIG. 6. minutes 
decomposed more than 10% by the end of 21 minutes. jnvention the 

than the Composition F polymer tablet. 
EXAMPLE 2 

Preparation of a Tablet Containing a C hlorine Bleach and an Enzyme 

The tablet was formed by using SPEX 3624B-115 X-Press motorized hydraulic press (35 ton) and 

pellet die. This die was compressed under a pressure of 5775 kg/cm to obtain 
^stamSokolan CP5 and 0.45 gram PEG 8000 (polyethylene glycol) were mixed to obtain a 
polymer mixture having Composition B (Table 1). 
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3) 0.5 grams of the polymer mixture was placed into a 13mm pellet die. The bleach inner layer was 
centered directly on top of the polymer mixture. An additional 0.4 grams of the polymer mixture were 
placed over the bleach inner layer. The 13mm die was then compressed under a pressure of 6852 
kg/cm 2 to give an intermediate tablet, composed of the inner layer and the barrier layer, of about 7.5mm 



4) The following mixture was prepared (all percentages are by weight of the mixture): 
Outer Layer Mixture (% by weight of the mixture): 

35% Sodium Tri polyphosphate 

14% Sodium Carbonate 
w 20% Sodium Silicate (H24) 

5% Sokolan CP5 

3% Nonionic Surfactant 

1 3% Sodium Citrate 

2% a-Amylase 
75 2% Protease 

to 100% Water 

5) 12 grams of the mixture prepared in step (4) were placed in 31 mm die. The intermediate tablet 
obtained in step (3) was centered directly on top of the mixture. Additional 11 grams of the mixture 
prepared in step (4) were placed over the intermediate tablet. The 31 mm die was then compressed 

20 under a pressure of 1200 kg/cm 2 to obtain the tablet of the invention. The tablet had a thickness of 19 
mm, a diameter of 31 mm and a weight of 24.9 grams. 

EXAMPLE 3 

25 Preparation of a Tablet Containing a Dishwashing Detergent and a Rinse Aid 

Two tablets are prepared following the procedure outlined in Example 2, except different ingredients are 
used to make the inner layer, the barrier layer and the outer layer. 

The composition of two tablets of this Example varies only in composition of the outer layer. The 
30 composition is as follows: 
Inner Core: 

0.80 gram Citric Acid and 0.20 gram Nonionic Surfactant Polymer Mixture for a Barrier Layer: 
0.77 gram Sokalan CPS and 0.13 gram EMA (6:1 wt. ratio) 
(Composition F from Table 1 ) 



5 



thickness. 



35 



Outer Layer of Tablet 1: 



A mixture containing by weight percent of the mixture: 



40 



45 



33.0% 
11.0% 
20.0% 
4.0% 
3.0% 
17.0% 
2.5% 
2.0% 
2.0% 
to 100 



Na Tripolyphosphate 

Na Carbonate 

Na Silicate (H24) 

Sokalan CPS 

Nonionic Surfactant 

Perborate 

TAED bleach activator 

a-Amylase 

Protease 

Water 



50 



2 3 grams 



Total 



55 
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TO 



75 



20 



Outer Layer of Tablet 2: 

A mixture containing by weight percent of the mixture 
35 .0% Na Tripolyphosphate 

11#5 % Na Carbonate 

29t0% Na Silicate (H24) 

8 0 % Sokalan CPS 

4 5% Nonionic Surfactant 

6.0% CDB-56 

to 100 . Water 

23 grams Total 



EXAMPLE 4 

25 

Preparation 



of a Tablet Containing a Dishwashing Detergent and a Rinse Aid 



30 



35 



40 



45 



50 



55 
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Composition % by Weight Weight (grams) 

(of the layer) 

a. Inner Layer 

Citric acid 80.0 

SLF-18 nonionic surfactant 20.0 0,75 

Total weight = 3.76 grams 

b. Barrier Layer 

Na-polyacrylate 85.7 2.56 

Ethylene maleic anhydride 14.3 0.4 3 
Total weight = 2.99 grams 

c. Outer Layer 

Na-triphosphate 35.0 6.30 

Na-carbonate 11.5 2.07 

Na-silicate 29.0 5.22 

Na-polyacrylate 8.0 1.44 

SLF-18 nonionic surfactant 4.5 0.81 

Na-dichloroisocyanurate 6.0 1.08 

Water 6.0 1.08 
Total weight = 18.0 grams 



Processing 



I. Preparation of the inner layer mixture: 



A. Incorporating a liquid surfactant 

i. Heat the surfactant if necessary, to lower the viscosity. (If SLF-18 is used the surfactant needs to be 

heated to about 14CTF.) 

ii. Add citric acid (80% by wt.) to a granulator. The granulator may be any type of granulating unit, 
such as a horizontal mixer, a rolling drum, a laboratory O'Brian unit, etc. The acid is stirred at about 
70 rpm. 

iii. Spray the surfactant onto the citric acid. 

iv. Apply hot air (about 150* F) with a hot air blower. 

v. Continue mixing until dry (about 15 minutes for 100 pound batch). 

B. Incorporating a solid surfactant (either powder or granule): 

A solid surfactant may be used by itself. Alternatively, a mixture of the solid surfactant and another 
ingredient such as hydroxycarboxylic acid may be prepared. When the mixture is prepared, ideally both 
ingredients are the same size to decrease segregation. 
The mixture may be prepared as follows: 

i. Add citric acid and the solid surfactant to a mixer. Any mixer such as a Schugi mixer, rolling drum, V 
blender is suitable. 
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ii. Mix until uniform (about 10 minutes for 100 pound batch). 
Ta blet Preparation: 

^^the inner ,a y er (rinse aid) is .dded to a 

pressure of 2260 kg/cm> to give a ta let of about V "^*£T3T The rise aid tablet is centered directly 
o, Composition F (from Table 1) ,s placed .to a , ,W d^ ^ ^ ^ . d 

on top of the polymer mixture. An add.tional ^fj^^m kg/cm* to give an intermediate tablet 
tablet. The 19 mm die is then compressed und * • P^J^ deduced into a 31 mm die. The 
of about 14 mm thickness. 9.4 grams of the outer ^ m "™T jxture An additional 8 . 6 grams of 
intermediate tablet is centered directly "J^^XZZZ^ ^' a P ressure ° f 12 °° 
SS=r. " r 19 T l d, a e nd S a diameter^ about 31 mm. 



15 EXAMPLE 5 



20 
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compared rift •» performance o! h. lable. <»" p ™ " ?» tf„X «™ «"*" ™ 
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composition 2 ta*. lacked a bamer layer tM . ^"^J , OT „, chlorine bleach bo. 
cHoL bleacb. Commercial granular «j h composite, 1. 2 or 3. Wash 

Wj, an ^ - "^LX J cond^s « »-..» 17, 
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TABLE 2 

DIFFERENT COMPOSITIONS OF AUTODISH DETERGENT IN 

% BY WEIGHT 



COMPOSITION 



10 



15 



20 



25 



30 



35 



(Granular Form) 



a. Outer Layer 

Na-triphosphate 
Na -carbonate 
Na-silicate 
Na-sulf ate 



31.5 
23.4 
7.8 
22.2 



Na-dichloroisocyanurate 
dihydrate 1 . 7 

Condensate of ethylene 
oxide and propylene 
oxide straight chain 



fatty alcohol 

Na-polyacrylate 
(Sokalan CP- 5) 

Na-citrate 

a-amylase 

Protease 

SLF-18 nonionic 
surfactant 

Water 

Weight (grams) 

2 

Pressure (kg/cm ) 



3.0 



10.7 
30.0 



(Mixed 
Tablet! 



33 



13 



19 



4.0 



6.45 
12.5 
1.9 
1.9 

2.75 
5.5 
24.9 
1200 



(Sequential 
Release Tablet! 
(% by weight of the 
layer) 



35.0 



14.0 



20.0 



5.0 
13.0 
2.0 
2.0 

3.0 
6.0 
23.0 
1200 
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TABLE 2 fnontinuedL 



70 



30 



35 



40 



rnMPOSTTION ^ "TMixed (Sequential 

r.~™\ Tablets poiAasR Tablet) 

(r-Y-annlar Form) lame^i "(% by weight ot the 

layer) 

n Rarrier Layer 

Na-polyacrylate _ 50.0 
(Sokalan CP-5) 



Polyethylene glycol 



50.0 
0.9 

Weight (grams) 

15 2 6852 

Pressure (kg/cm ) 
^ mnpr Layer 

Na-dichloroisocyanurate 100 
20 dihydrate 

1.0 

Weight (grams) 

2 5775 
Pressure (kg /cm ) 

25 Density (g/cm 3 ) °* 9 1 ' 7 



1-7 



45 



Amount of starch soil 6 5.1 

remaining (%) 88 • 3 

Glass Appearance 
Spotting/ filming 
0/0 = no spots/no film 

4/5 = glasses completely 0.5/1.5 0.5/1.5 

covered /chalky 0.5/1.0 w / 

Starch soil removal accomplished by compositions 1 2 and 3 is ^ the tablet 

This Example demonstrates that although it .. ™^ soil than the granular 

containing enzymes and chlorine the sepu ential release tablet 

autodish detergent a Substantially larger amount of starch soil than 
according to the present invention ( C ° mp h ° s ' t,0 ?^ n 7^ hin the scope 0 » the present invention, 
either Composition 1 or Composite 2 wh.c are n inve P ntion in Waning dishware so 
Excellent performance of the <™^*^^^ enzyme and the chlorine bleach, so 

effectively is due to the ability of the tablet to re dissolution of the enzyme, 
that the dissolution of the chlorine ^^ ] ^^^ TL procedure as described in the 1989 
Spotting and filming tests were <^^^ filming scores were obtained 



follows: 
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Ingredient 


Trademark 


Supplier 


Sodium Trinolvnhosohate 


STPP 


Monsanto Corp. 


Noninnir ^nrfartant 

1 ^ VI 1 1 VI 1 1 V Owl 1 V» w- Lvil 1 K 


SLF-18 


Olin Corp. 


Na-Dirhloroisocvanurate dihvdrate 


CDB-56 


Olin Corp. 


Sodium citrate 

V^WIUI 1 1 will Ulv 


Sodium citrate 


Miles, Inc. 


Protease A/S 


Savinase 


Novo Industri A/S 


Amylase 


Termamyl 60T 


Novo Industri A/S 


Sodium silicate 2:1 


Britesil H20 


PQ Corp. 


Sodium silicate 2:4 


Britesil H24 


PQ Corp. 


Sodium Carbonate 




FMC Corp. 


Citric acid 




Miles, Inc. 


Maleic acid/Acrylic acid copolymer, sodium salt (MW = 70,000) 


Sokalan CPS 


BASF 


Ethylene Maleic Anhydride cross-linked copolymer (MW = 1,000,000) 


EMA-61 


Monsanto 


Polyethylene Glycol (MW= 7,000-9,000) 


PEG 8000 


Union Carbide 



Unless otherwise indicated all percentages are by weight of the tablet. 

It should be understood, of course, that the specific forms of the invention herein illustrated and 
described are intended to be representative only, as certain changes may be made therein without 
departing from the clear teachings of the disclosure. Accordingly, reference should be made to the following 
appended claims in determining the full scope of the invention. 

Claims 

1. A machine dishwashing detergent tablet comprising 

a) an inner layer; 

b) a barrier layer surrounding the inner layer; 

c) an outer layer surrounding the barrier layer; 

wherein the total amount of ingredients in the inner layer, the barrier layer and the outer layer is such 
that the tablet comprises 

a) about 10% to about 99% of a builder, and 

b) an amount of an alkaline source sufficient to provide a pH of a 0.1% solution by weight of the 
tablet of greater than 9.0 during a dishwashing cycle of a dishwashing machine; 

and wherein the disintegration rate of the barrier layer at a temperature in the range of from about 
100° F to about 160° F in an aqueous cleaning environment of a dishwashing machine, and the relative 
thicknesses of the inner layer, the barrier layer and the outer layer are such that: 

(i) the tablet provides sequential release of the ingredient of the outer layer and the ingredient of the 
inner layer in the aqueous cleaning environment of the dishwashing machine, and 

(ii) all layers of the tablet disintegrate in the aqueous cleaning environment of the dishwashing 
machine by the end of a dishwashing session. 

2. The tablet of claim 1 wherein the tablet further comprises a source of chlorine bleach. 

3. The tablet of claim 2 wherein the source of chlorine bleach is contained in the inner layer. 

4. The tablet of claim 2 wherein the amount of the source of chlorine bleach corresponds to from about 
0.1% to about 20% of available chlorine. 

5. The tablet of claim 2 wherein the source of chlorine bleach is selected from the group consisting of 
alkali metal hypochlorites, chlorinated trisodium phosphate, chlorinated sulphonamides, chlorinated 
hydantoins, chlorinated cyanuric acids, salts of chlorinated cyanuric acids, polychlorocyanurate and 
mixtures thereof. 

6. The tablet of claim 1 wherein the tablet further comprises an enzyme. 

7. The tablet of claim 6 wherein the enzyme is contained in the outer layer. 

8. The tablet of claim 6 wherein the amount of the enzyme is from about 0.05% to about 20%. 
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9 . The tablet o. claim 6 herein the enzyme is selected from the group consisting of lipases, amylases, 
proteases, and mixtures thereof. 
.10. The table, of claim i wherein the tablet further comprises a detergent active compound in an amount of 
5 about 0.05% to about 1 5% . 

„ T* tab!.. of c» i »h«* •» «*' 8 01 " ™" 

' -corresponding to from about 0.05% to abo.l 10% of available o»yg»n. 

a mixture of water-swellable polymers, a fatty acid, a soap, a wax and m.xtures thereof. 

14 The tablet of claim 12 wherein the tablet is of a cylindrical shape and the diameter oV the table, is about 
20 S mm lo about 36 mm, and the thickness of the tablet is about 14 mm to about 24 mm. 

15 The tablet of claim 12 wherein the thickness of the inner layer is about 3 mm to about 6 mm. and the 
Sa/Sness of the barrier layer and the inner layer is about 6 mm to about 9 mm. 

25 16 The tablet of claim 13 wherein the barrier layer contains a plasticizer. 

. 1, The table, of Cairn 13 wherein the barrier ^ ^ S ^ 

consisting of a maleic acid/acry.ic ac,d copolymer, l^J^^J^^ pyrr0 lidone, an 

ether and mixtures thereof. 

1* The tablet of Cairn 17 wherein the polymer is a mixture of a polyacrylic acid/ma.eic acid copo.ymer and 
polyethylene glycol. 

35 19. The tablet of claim 18 wherein the weight ratio of polyacry.ic acid/ma.eic acid copolymer to polyethyl- 
ene glycol is about 1 :3 to about 3:1 . 

. : 20. The tablet of Cairn 1 wherein the outer layer comprises about 10% to about 99% o, a bui.der and from 
40 ■ o.05% to 15% of a detergent-active material. 

21. The tablet of Cairn 1 wherein the bui.der is.elected ^9^^^^^ 
pyro and tripo.yphosphates and hexametaphos P hat ^2 ief W a d ethy.enediamine- 
oxydisuccinates. carboxymethyloxysuccnates, n,tr,lotr,acetates, citrates 
. 45 tetraacetates, polymeric polyelectrolytes, and mixtures thereof. 

. 22. A machine dishwashing detergent tablet comprising consisting of a nonionic 

a) an inner layer comprising an ingred,ent selected from the group conastmg 
surfactant and a mixture of the nonionic surfactant with an organic acid, 
so b) a barrier layer surrounding the inner layer; and 

comprises 

,4,0, 0, groaor than 9.0, doring , turn**, cyd. - 
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thicknesses of the inner layer, the barrier layer and the outer layer are such that: 

(i) the tablet provides sequential release of the ingredient of the outer layer and the ingredient of the 
inner layer in the aqueous cleaning environment of the dishwashing machine; 

(ii) all layers of the tablet disintegrate in the aqueous cleaning environment of the dishwashing 
5 machine by the end of a dishwashing session. 

23. The tablet of claim 22 wherein the amount of the nonionic surfactant in the inner layer is about 1% to 
about 100% by weight of the inner layer. 

w 24. The tablet of claim 22 wherein the outer layer comprises about 10% to about 99% of the builder, and 
further comprises a source of chlorine bleach in an amount corresponding to from about 0.1% to about 
20% of available chlorine. 

25. The tablet of claim 22 wherein the organic acid is a hydroxycarboxylic acid. 

75 

26. The tablet of claim 22 wherein the outer layer comprises about 10% to about 99% of the builder and 
about 0.05% to about 20% of the enzyme. 

27. The tablet of claim 22 wherein the disintegration rate of the barrier layer and the relative thicknesses of 
20 the inner layer, the barrier layer and the outer layer are such as to afford, at a water temperature in the 

range of from about 100*F to about 160*F in the aqueous cleaning environment of the dishwashing 
machine, from about 6 to about 44 minutes prior to release of the ingredient of the inner layer. 

28 v The tablet of claim 27 wherein the tablet is of a cylindrical shape and the diameter of the tablet is about 
25 26 mm to about 36 mm, and the thickness of the tablet is about 16 mm to about 22 mm. 

29. The tablet of claim 27 wherein the thickness of the inner layer is about 9 mm to about 13 mm, and the 
total thickness of the barrier layer and the inner layer is about 12 mm to about 16 mm. 

30 30. The tablet of claim 27 wherein the barrier layer comprises an ingredient selected from the group 
consisting of a water soluble polymer, a water-swellable polymer, a mixture of water soluble polymers, 
a mixture of water-swellable polymers, a fatty acid, a soap, a wax and mixtures thereof. 

31. The tablet of claim 30 wherein the barrier layer comprises the polymer selected from the group 
35 consisting of a maleic acid/acrylic acid copolymer, a salt of maleic acid/acrylic acid copolymer, 
ethylene maleic anhydride cross-linked copolymer, polyethylene glycol, polyvinyl pyrrolidone, an 
acrylic acid polymer, a salt of acrylic acid polymer, carboxymethylcellulose, polyvinylalcohol, cellulose 
ether and mixtures thereof. 

40 32. The tablet of claim 31 wherein the polymer of the barrier layer is a mixture of polyacrylic acid/maleic 
acid copolymer and ethylene maleic anhydride. 

33. The tablet of claim 32 wherein the weight ratio of polyacrylic acid/maleic acid copolymer to ethylene 
maleic anhydride is about 2:1 to about 10:1. 

45 

34. A method of dishwashing comprising placing the tablet of claim 1 in a dishwashing machine. 

35. The method of claim 34 wherein the tablet of claim 1 is placed in a dispenser of a dishwashing 
machine. 

50 

36. A method of dishwashing comprising placing the first tablet of claim 1 in a prewash detergent 
dispenser of a dishwashing machine and the second tablet of claim 1 in a main wash dispenser of a 
dishwashing machine. 

55 37. A method of dishwashing comprising placing the tablet of claim 12 in a prewash detergent dispenser of 
a dishwashing machine. 

38. The method of claim 37 further comprising placing the tablet of claim 22 in a main wash dispenser of a 
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dishwashing machine. 

39. The method o. claim 37 further comprising placing the tablet o. claim 27 in a main wash dispenser of a 

dishwashing machine. 
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